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PROCESS AND DEVICE FOR 
DETERMINING THE AXIAL POSITION OF 

TWO MACHINE SPINDLES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a process and a device for 
determining the axial position of tWo machine spindles. 

2. Description of Related Art 
One such process, as disclosed in US. Pat. No. 5,224,052 

to Hamar, includes a laser alignment system having a laser 
emission element as the optical transmitting device and a 
photosensitive target as the optical receiving means. With 
the target, the location of an incident laser beam can be 
determined. Instead of a tool, the target can be mounted in 
the shaft of a machine tool, or in a reference part positioned 
opposite the tool. The laser emission element and the target 
can be interchangeably mounted on either the reference part 
or the rotating tool. 

In the Hamar patent, it is assumed that both the laser 
emission element and the photosensitive target are of essen 
tially absolute accuracy, i.e. the smallest measured value 
Which can be displayed by the instrument is relatively great 
compared to its systematic inherent error. HoWever, this 
assumption does not alWays prevail, since although the 
corresponding measurement devices are to operate With a 
resolution and accuracy in the micron range, the devices can 
become inaccurate due to rough treatment and/or strong 
temperature effects. 

SUMMARY OF THE INVENTION 

It is therefore one object of the present invention to 
overcome the de?ciencies of the prior art and to provide a 
process Which Works With high precision together With the 
pertinent device of the generic type. 

Another object of the present invention is to provide a 
process/device Which can not only check itself, but com 
pared to the prior art, can deliver much greater precise 
measurement results. 

Yet another object of the present invention is to provide a 
process/device Which is easy to handle. 

Still another object of the present invention is to provide 
a process/device Which is no more expensive than conven 
tional solutions. 

The above object, and other objects, are achieved by 
providing a process for determining the aXial position of tWo 
machine spindles or shafts relative to one another. The 
process includes the steps of emitting a light beam from an 
optical transmitting device mounted on the end face of a ?rst 
machine spindle Wherein the light beam is emitted roughly 
in an aXial direction of the ?rst spindle; providing a ?at 
optical receiving device on an end face of a second machine 
spindle positioned frontally opposite the ?rst machine 
spindle to receive the light beam and to determine the light 
beam’s incidence point in tWo coordinates; and determining 
a distance betWeen the transmitting device and the receiving 
device. The process further includes the steps of moving the 
?rst machine spindle into at least three freely selectable, but 
de?ned ?rst rotary positions While the second machine 
spindle is stationary and recording a position of each inci 
dence point of each light spot corresponding to each ?rst 
rotary position to generate at least three positions. The at 
least three positions of the incidence point are used to 
compute the parameters of a pertinent ?rst circle, especially 
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2 
its center point on the optical receiving device or alterna 
tively to specify it in the best possible manner by means of 
an error compensation method. The process also includes the 
steps of moving the second machine spindle into at least 
three, freely selectable, but de?ned second rotary positions 
While the ?rst machine spindle is stationary, and recording 
a position of each incidence point of each light spot corre 
sponding to each second rotary position to generate at least 
three positions. The at least three positions of the incidence 
point are used to compute the parameters of a pertinent 
second circle, especially its center point on the optical 
receiving device, or alternatively to specify it in the best 
possible manner by means of an error compensation method. 
The process also includes the step of computing a parallel 
offset of the ?rst and second spindles in at least one of a 
horiZontal and a vertical plane from the at least one param 
eter of the ?rst circle, the at least one parameter of the 
second circle and the distance betWeen the optical transmit 
ting device and the optical receiving device. 

In another embodiment of the invention, the determina 
tion of the angular offset (orientation) of tWo machine 
spindles or shafts relative to one another is enabled by the 
implementation of the folloWing process steps: ?rst, the 
process is carried out as indicated above. Then, the trans 
mitting device and the receiving device are mounted inter 
changed on the machine spindles or shafts to be studied, so 
that the optical transmitting device is mounted on the second 
machine spindle and the optical receiving device is mounted 
on the ?rst machine spindle. AfterWards the process is 
repeated analogously as indicated above so that, hoWever, 
noW parameters for the other tWo, speci?cally a third and a 
fourth circle, can be computed. With this data, and consid 
ering the distance betWeen the optical transmitting device 
and the optical receiving device, noW the values for the 
angular offset in the horiZontal and vertical direction can 
also be determined. The computed values for parallel offset 
and angular offset can be used not only to undertake manual 
correction of the alignment of spindles, but can also be 
supplied to an adjustment means Which moves at least one 
of the tWo spindles to be aligned horiZontally and vertically 
until accurate enough alignment is achieved, Whereupon the 
corresponding spindle can be locked in the conventional 
manner by means of clamp screWs or other fastening 
devices. 

According to the process of the present invention, there is 
the advantage that a closed circular ring on the target need 
not be imaged by the laser beam. Rather, it is enough to 
determine the data of the measurement points on an arc. In 
especially favorably supported cases, it can be enough to 
determine the measured values of only three incidence 
points of the laser beam at a time and to subject the 
parameters of the circles speci?ed in this Way on the 
receiving device to another computational process. It is 
especially useful here for the parameters of the pertinent 
circle to be determined in a direct, noniterative computa 
tional process When there are a plurality of acquired mea 
surement points. Here methods of compensation computa 
tion are used, especially methods of least squares. In 
addition to the indicated parameters (X and y position of the 
center and radius of the circle), therefore, it is also possible 
to provide details regarding the quality of the compensation 
results. Thus, important statistical parameters such as rela 
tive error, correlation coef?cient, skeWness of the 
distribution, etc. can also be given. 
The proposed process Works essentially Without the use of 

measured inclinometer values. In one version of the inven 
tion hoWever there are one or more preferably electronic 
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inclinometers Which indicate the actual rotary position of the 
spindle, and With measurement results Which are also used 
in determining the unknoWn circles. Thus, determination of 
the parallel offset and angular offset of the spindle is possible 
With greater accuracy. 

In addition, it is advantageous if all the completed mea 
surements and all pertinent measurement results, optionally 
also tentative results, are immediately displayed on an 
electronic screen so that the operator can acquire a subjec 
tive impression of the quality of the measurement process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a conventional device for speci?cation of 
the penetration point of the axis of rotation through the 
target; 

FIG. 2 shoWs the arrangement of the present invention for 
determining the penetration point if the incidence points of 
the laser beam lie only on part of the full circle (arc); 

FIG. 3 shoWs the determination of the position of the axis 
of rotation of a spindle or shaft according to the present 
invention relative to the target used; 

FIG. 4 shoWs hoW the true axis of rotation of the spindle 
is determined compared to the family of curves of the 
emitted laser beams; 

FIG. 5 shoWs another embodiment of the present 
invention, but With the optical transmitting and receiving 
means mounted interchanged; and 

FIG. 6 shoWs the schematic for determining the angular 
offset of the involved spindles. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shoWs a conventional arrangement similar to that 
disclosed in US. Pat. No. 5,224,052. An optical transmitting 
means in the form of a laser beam generator 16 is mounted 
on the spindle 29, eg shaft end or the like, by, for example, 
a jaW chuck (not shoWn). In practice, the position of the laser 
beam 12 deviates relative to the spindle axis 30 (shoWn 
exaggerated in the draWings). When the spindle 29 turns, the 
family of curves of the beams 12 describes roughly a conical 
jacket so that a circular ring 32 is described on the target 40, 
caused by the individual light spots 32A. The circular ring 
is centered around the pertinent center Z, indicated at 34, 
Which thus de?nes the penetration point of the axis of 
rotation 30 through the target 40. 

FIG. 2 shoWs hoW, using the process of the present 
invention, the penetration point Z‘ can be determined using 
only an arc, or individual light spots 32A, 32B and 32C, 
instead of a circular ring. The pertinent center Z‘ can be 
determined With comparatively great precision by means of 
a best adjustment and using the method of least squares also 
from those light spots, if their tWo-dimensional coordinates 
have been electronically established. This is done in practice 
for most contours in a direct, non-iterative computational 
process. If necessary, hoWever, iterative computational 
methods can be used. Importantly, FIG. 2 shoWs the condi 
tions Which arise for a rotating ?rst spindle and a stationary 
second spindle. 

FIG. 3 shoWs an arrangement of the present invention 
Wherein an individual light beam 12 is emitted With the ?rst 
spindle locked relative to its axis 30 of rotation to de?ne a 
?rst incidence point 42A on the target 40. The position of an 
axis 60 of rotation of a second spindle 52 relative to the 
target 40 can be very accurately determined and checked by 
turning the second spindle 52 a feW times by any angle of 
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4 
rotation (cf. rotary arroW 61) so that, for example, additional 
light spots 42B, 42C appear due to the light beam 12. The 
light spots de?ne a circle having a center point Z“ lying on 
the actual axis 60 of rotation. In this case, the precision can 
also be increased in the determination of Z“. In turn, 
hoWever, more than only three measurement points and, 
moreover, a pertinent mathematical error compensation 
process, can be used. A processing device, such as appro 
priate electronics or a computer 66, may be connected 
doWnstream of the optical receiving device 40 via a plug 
device 70 to permit measurement results, Which are present 
in electrical form, to be further processed and displayed. 

In FIG. 4, shoWing a cross-sectional vieW of the condi 
tions of the present invention from FIG. 2, it is apparent that 
receiving device 40 (sensor) can be situated such that the 
penetration point 34 can lie someWhat near the sensor edge 
Without the measurement errors experienced for a long time 
in conventional arrangements. 

Similarly, FIG. 5 shoWs the conditions of the present 
invention from FIG. 3 With the transmitting and receiving 
devices, 116 and 140, respectively, being interchanged on 
the ?rst and second spindles, 29 and 50, respectively. When 
the second spindle 50 turns, there is a cone of light beams 
112 around the actual axis 130 of rotation, as shoWn. The 
incidence point 132A is thus relatively near the border or 
edge of the receiving device 140, but With additional inci 
dence points can nevertheless also be used to determine the 
pertinent circle center. 

If measurements as shoWn in FIGS. 4 and 5 have been 
taken With the transmitting/receiving devices interchanged, 
the orientation of the spindles relative to one another is 
determined as shoWn in FIG. 6. Assuming small angle siZes, 
the angular offset, shoWn by Way of example in the vertical 
direction, results from the amounts of offset S1 and S2 
measured in the y direction, so that tan (alpha)=roughly 
(S1+S2)/d1. Acorresponding analysis applies to the angular 
offset in the horiZontal, therefore aZimuth direction. The 
spindles may be moved manually or by motor. 

I claim: 
1. A process for determining the axial position of tWo 

machine spindles relative to one another, comprising the 
steps of: 

emitting a light beam from an optical transmitting device 
mounted on the end face of a ?rst machine spindle, the 
light beam being emitted roughly in an axial direction 
of the ?rst spindle; 

providing a ?at optical receiving device on an end face of 
a second machine spindle positioned frontally opposite 
the ?rst machine spindle to receive the light beam and 
to determine the light beam’s incidence point in tWo 
coordinates; 

determining a distance betWeen the transmitting device 
and the receiving device; 

moving the ?rst machine spindle into at least three freely 
selectable, but de?ned ?rst rotary positions While the 
second machine spindle is stationary; 

recording a position of each incidence point of each light 
spot corresponding to each ?rst rotary position to 
generate at least three positions; 

using the at least three positions of the incidence points of 
the light spots to at least one of compute at least one 
parameter of a ?rst circle and determine at least one 
parameter of a ?rst circle using an error compensation 
method; 

moving the second machine spindle into at least three, 
freely selectable, but de?ned second rotary positions 
While the ?rst machine spindle is stationary; 
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recording a position of each incidence point of each light 
spot corresponding to each second rotary position to 
generate at least three positions; 

using the at least three positions of the incidence points of 
the light spots to at least one of compute at least one 
parameter of a second circle and determine at least one 
parameter of a second circle using an error compensa 
tion method; 

computing a parallel offset of the ?rst and second spindles 
in at least one of a horiZontal and a vertical plane from 
the at least one parameter of the ?rst circle, the at least 
one parameter of the second circle and the distance 
betWeen the optical transmitting device and the optical 
receiving device. 

2. The process of claim 1, Wherein the at least one 
parameter of the ?rst and second circles is a center point of 
the respective circle on the optical receiving device. 

3. The process of claim 1, further including the steps of: 
interchanging the mounting of the transmitting device and 

the receiving device on the machine spindles so that the 
optical transmitting device is located on the second 
machine spindle and the optical receiving device is 
located on the ?rst machine spindle; 

after interchanging the mounting of the transmitting 
device and the receiving device, repeating the emitting 
step of claim 1 and repeating the moving, recording and 
using steps of claim 1 tWice to compute the parameters 
of a third circle and a fourth circle; 

computing an angular offset and a parallel offset of the 
?rst and second spindles in at least one of a horiZontal 
and a vertical plane from the distance betWeen the 
transmitting device and the receiving device and from 
the at least one parameter of each of the ?rst, second, 
third and fourth circles. 

4. The process of claim 3, further including the step of 
moving at least one of the tWo spindles relative to the other 
spindle based on the computed amounts of offset relating to 
at least one of the parallel offset and the angular offset such 
that an offset is minimized or eliminated. 
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5. The process of claim 1, Wherein the parameters of the 

circles are determined in a direct, noniterative computational 
process. 

6. The process of claim 1, Wherein, in addition to the at 
least one parameter of the circles, pertinent statistical param 
eters of a computed best curve adaptation are given. 

7. The process of claim 3, further including the steps of 
acquiring an additional rotary position of at least one of the 
?rst and the second spindle using inclinometers and using 
measured inclinometer values of the additional rotary posi 
tion in the computing step for determining the at least one of 
the parallel offset and the angular offset in at least one of the 
horiZontal and vertical directions. 

8. The process of claim 1, Wherein the observed incidence 
points of the light beams, the computed circles and the 
computed amounts of offset are displayed on an electronic 
screen. 

9. A device for determining an aXial position and orien 
tation of a ?rst spindle and a second machine positioned 
opposite the ?rst spindle relative to one another, comprising: 

an optical transmitting device mounted on an end face of 
the ?rst spindle to emit a light beam in the aXial 
direction of the ?rst spindle; 

a ?at optical receiving device mounted on an end face of 
the second spindle to receive the light beam to permit 
determining the light beam’s incidence point in tWo 
coordinates; 

a processing device connected to the optical receiving 
device to compute at least one parameter of a circle 
using at least three recorded incidence points for deter 
mining the aXial position and orientation of the spindles 
relative to one another. 

10. The device of claim 9, Wherein the at least one 
parameter of the circle includes center point coordinates and 
a radius. 

11. The device of claim 9, further including one or more 
inclinometers to determine the respective rotary position of 
a spindle, the inclinometer values being supplied, in addition 
to the values of the incidence points of the light beam, to the 
processing device to improve measurement accuracy. 

* * * * * 


